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Abstract 
To meet the expectations of demanding clients, new project-delivery configurations have been 
developed. Concurrently, the building sector faces increasing demands from building authorities, 
most recently in the shape of the new requirements to energy performance as implemented in the 
Danish Building Regulations. Approaches focusing on performance-based building or new 
procurement processes such as new forms of collaboration between actors in construction projects 
and the development of integrated solutions are considered solutions that improve the industry’s 
overall performance. Often building materials manufacturers are perceived, not as part of the 
construction project, but as suppliers of the construction project and their traditional target groups 
are architects and consultants. This paper focuses on new types of collaboration between a 
construction project and building materials manufacturers, where building materials manufacturers 
are oriented towards clients through direct cooperation, or new types of services aimed at clients. 
The research investigates the consequences for construction projects and actors. The research is 
based on qualitative case studies of major manufacturers of building components towards new roles 
in construction projects. The analysis shows firstly that building materials manufacturers can take on 
different roles in procurement processes from new ways to collaborate with the client to offering new 
types of services to the client. Secondly, the analysis shows that building materials manufacturers – in 
the new role - influence the innovation process. Thirdly, the analysis shows that in order to 
understand the relationship between regulation and innovation in the construction project, and to 
identify new ways to promote energy innovation in construction, it is not sufficient to examine the 
project-based companies’ opportunities for innovation, including how they can reclaim the chain, but 
it is equally important to examine the building materials manufactures' capacity for innovation and 
how this innovation affects the chain, i.e. a symmetrical analysis. 
Keywords: Building performance, Green buildings, Innovation, Procurement, Regulation 
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1. Introduction 
Improving building energy performance is perceived as a central part of the solution to climate 
change. In Denmark, building energy performance has long been in focus, initially prompted by the 
energy crises in the 1970s and today based on environmental and climate debate. Since then, energy 
strategies as reflected in the Danish Building Regulations have changed character reflecting 
differences in the understanding of the problem and possible solutions, who are the relevant actors, 
how must the phenomenon be defined and governance structure used. Overall, one can describe the 
evolution as a shift from prescriptive regulation to performance-based regulation. 
Regulation affects individual companies and overall delivery system innovation and it is clear, since 
regulation is part of the institutional context in which companies operate. The question is how 
regulation affects the respective individual company and innovation in the overall delivery system, 
including the relationship between companies in the overall delivery system. The building industry is 
characterised by delivering complex products in complex production systems that often distinguish 
between project-based companies (architects, consultants and contractors) and industry-based 
companies that provide building materials and components for the building project (Gann & Salter. 
2000). 
This paper builds on the hypothesis that the relationship between regulation as a driver of innovation 
of the materials manufacturers in the construction industry and the importance of innovation for the 
building project is not sufficiently elucidated. Existing analyses of the regulation's impact on 
innovation in construction projects is often based on project-based companies and not the suppliers 
(see e.g. Gann et al. 1998). This results in the focus of analysis often being on how the project-based 
businesses can require demands directed upstream in the supply system as part of an innovation 
process. Therefore, there is a lack of knowledge about suppliers' influence and role in the innovation 
process in the construction project. 
This paper addresses first the importance of building regulations as a driver of innovation among 
building materials manufacturers and second, how this innovation influenced the construction project, 
i.e. downstream in the delivery system. It is concluded that in order to understand the process of 
innovation in the building project, it is equally necessary to understand building materials 
manufacturers influence downstream in the delivery system, as it is to understand the project-based 
business requirements directed upstream in the delivery system.   
2. Methods 
This paper intends to identify key theoretical and empirical issues that can support further research 
into energy regulation and innovation in construction. Since energy is a relatively new field compared 
with other regulatory areas of the Danish Building Code, such as safety and fire conditions, it also 
contributes to the elucidation of the development and stabilisation processes in the interaction 
between regulation that drives innovation and the importance of construction. It is assumed that 
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regulatory initiatives within energy play a significant role in the actors’ understandings and 
interpretations of the relationship between construction and energy, among other things confirmed by 
a Danish survey on standard-house manufacturers’ innovation where innovation in energy appeared as 
one of the main areas of innovation in recent years. The manufacturers saw the new energy 
requirements of the regulation as the main reason for innovation within energy. Other important areas 
of innovation such as design and planning manufacturers stated to be market driven to greater extent 
(Forman et al., 2011). This does not mean that the study cannot contribute to the more general 
knowledge about the relationships between regulation as a driver for innovation and innovation in 
construction and the importance of new forms of procurement and construction management, but the 
study's particular strength is the knowledge of the implementation of new areas where the building 
industry as a system is under pressure. 
The analysis was conducted as a case study focusing on the shift from descriptive energy regulation to 
performance-based energy regulation and the shift’s influence on the building materials 
manufacturers’ innovation.  
In order to describe the evolution of energy regulation in the Danish Building Code, the various 
building codes were reviewed and additional literature was studied. When reviewing the various 
initiatives in the Danish Building Code, the development was analysed to identify changes in 
regulation. 
We then turn to a case study describing the interaction between regulation and innovation activities in 
Rockwool - a large building materials manufacturer. Rockwool A/S has many features in common 
with other suppliers of materials to the building sector. These are often large companies with their 
own product-development departments and marketing departments. They supply components to the 
building sector, and their most important target groups are usually architects, consultants, contractors 
and DIY people. In this sense, the case is paradigmatic and the experience gained from the case can be 
generalised concerning other similar manufacturers. To describe the interaction between regulation 
and innovation activities, documentation from Rockwool's website was used as well as newsletters, 
articles from the technical press and interviews with employees at Rockwool. 
3. Theoretical perspectives 
3.1 Construction and innovation  
Buildings are generated by integrating many products and services that together form a complex 
product system (Gann and Salter 2000). Unlike traditional industry, the dominant mode of production 
in construction is project based, where a large number of independent companies have to operate in 
networks with complex interfaces.  Gann and Salter (2000) point out that as a consequence 
innovation, performance and competitiveness depend not only on the individual company, but the 
interaction across the network between clients, architects, consultants, contractors, building 
component suppliers and end-users, etc. There are major differences in the conditions of the 
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individual building projects, and it affects the different actors' ability to plan and execute construction 
and their ability to be innovative. Conditions that may affect are for example, differences in building 
type (detached, multi-storey buildings, unique buildings, etc.), differences in the size of the building 
case (if the building case is new or a renovation project), or differences in the tender forms and the 
clients position in the project organisation. 
Rohracher (2001) suggests that an approach to understanding the opportunities and constraints to 
innovation in construction is to analyse the building and the actors involved as a socio-technical 
system, i.e. to analyse dependencies and conditions, but also interests, perspectives and stakeholder 
interaction. Typical concepts used in analysing socio-technical systems are concepts such as critical 
issues, technological style and technological momentum. Rohracher (2001) suggests that one can 
make analyses at two levels: 1) the national and regional level and 2) the project level. In connection 
with the national / regional innovation system, the interaction is weighted between industry, 
government and market together with the regulation and education, financial instruments etc. With the 
project level as a socio-technical system, the focus will be on each construction project. Rohracher 
(2001) suggests that traditional buildings as technical systems are different from other artefacts such 
as cars, because there is not in the same way a close technical relationship between all sub-
components, which reduces the requirement for close interaction between the actors. Building systems 
are therefore more loosely coupled systems, being dependent on the interaction between actors 
(architects, planners, consultants, contractors, building services, etc.) that, when setting up a project, 
will be wired up to the project until it is over (Dubois and Gadde 2002). 
Gann and Salter (2000) identified three types of innovation driver: 1) Demand for radically new types 
of buildings and structures. 2) Pressure to improve the ways in which projects can be delivered on 
time, within budget to specified quality. 3) Competition between companies in construction itself, as 
firms compete in their quest to secure orders and deliver new product and services (Gann and Salter, 
2000 pp. 960-961). One of the questions in this paper is how the driver influences materials 
manufacturers and affects relationships / roles in the construction project. 
Gann and Salter (2000) suggest that there is a growing need for new types of services to support the 
owner and users' use of complex products and systems in relation to for example management and 
maintenance of building systems. Gann and Salter (2000)further suggests that it is very consistent 
products and services that create new opportunities for customers in terms of increased performance 
and increased value. The market is generally very fragmented in relation to different types of products 
and the production is driven by demands of clients in the individual building projects rather than the 
result of arms-length market transactions, which typify consumer-goods industries. This distinguishes 
it from traditional industrial production and turns the procurement / ordering activity into a particular 
job in construction. One can therefore talk about the need for special services as early as at the 
procurement stage of construction. 
With the current energy demands and future challenges for the construction for climate adaptation, 
complexity may well increase. It is often necessary to integrate complex products and systems within 
existing systems to manage products and systems to function in the context that they form part of. 
Gann and Salter (2000) suggest that the level of technical complexity increases when new generations 
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of technology must integrate with existing systems.  A need arises for new specialisations that can 
support system integration. The location of the new specialisations can be placed in different parts of 
companies or between companies; but that it is the project-based companies that are positioning 
themselves in a role to provide system integration services (Gann and Salter, 2000). In this paper, we 
indicate that there may be a need to explore the various system integration services that can be 
developed at different actors. 
3.2 Regulation as driver for innovation 
A distinction is often made between prescriptive approaches and performance-based approaches. 
Performance-based building is perceived as a shift from the traditional prescriptive approach, where 
building parts are described, specified and procured, resulting in a building with an implicit set of 
attributes. The performance-based approach, on the other hand, sets "…the criteria that define the 
level of performance required of the building attributes” (Sexton and Barrett, 2005:143). 
Gann et al. (1998) studied the effectiveness of performance-based regulations in creating an 
environment for product development in construction. They distinguish between four types of 
innovation that should be taken into account if the purpose of regulation is to promote technological 
innovation:  
1. Product innovation in the materials and components area, which is often a result of R&D 
activities by manufacturers. Product innovation is mostly limited to changes that improve the 
individual product without the use of the product requiring changes in other products. 
2. Process innovation is the use of new ways to assemble buildings or install components, and 
this type of innovation is often the result of designers’ and builders' efforts to improve the 
design and construction process. 
3. Configurational innovation: when the existing component parts are combined in new ways to 
improve performance characteristics. This typically arises in the design phase. 
4. Systemic innovation: when changes to a component or subsystem causes the need for changes 
in other parts of the system to be implemented. 
They conclude that regulation has to focus on two approaches with respect to innovation in 
construction, one affecting innovation at the component level and the other affecting innovation at the 
whole systems level, and the further conclude:  
“The current focus of regulating design and building activities must be able to translate into a system 
of incentives and certification which encourage a successful flow of ideas between designers and 
builders responsible for final product development, integration and assembly, and upstream 
component innovation by materials producers and suppliers.” (Gann et al. 1998, p 293) 
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What remains is a picture with a clear division of labour between building materials manufacturers 
and project based companies where building materials manufacturers are assigned a role in relation to 
type 1 innovations, while the project-based companies are assigned a role in relation to types 2, 3 and 
4 for innovation in construction. The question is whether this division reflects the recent experience in 
Denmark? 
3.3 Client and users  
There is a growing awareness of clients' and users' role in innovation in construction. This is 
translated into strategies such as “clients as change agents” and “user-driven innovation”. The specific 
conditions and opportunities under which the construction industry operates are also important for the 
clients’ and users’ role in construction innovation processes. 
Project organisation in the construction industry means that for every new construction project, the 
corresponding actor network is configured anew. At the same time, the project-based production of 
the building means that there is an ordering activity in each project about making explicit 
requirements for building process and design criteria for building. This “ordering” activity can be 
handled by the manufacturing system, the clients or the end-users. There is thus a need for 
"mediation" between manufacturers, clients and end-users in the design and construction phase, where 
mediation can take many forms, involve many players and is marked by the interpretation and 
negotiation processes taking place in and between the actors (Forman et al. 2011). 
In order to perform ordering activity, a particular profession, "the client", has emerged, which is 
supported institutionally through both regulation where the client is assigned responsibilities and 
duties, and through an organisation of professional clients in the Client Association in Denmark. It is 
worth noting that despite this professionalisation and institutionalisation of the client’s role, there is 
still a struggle about who best represents the users in a building project. The architects can for 
example rightly argue that they are the ones who through the design process, interpret and translate 
user needs. This very loose definition of which actor represents the users in a building project can be 
taken as an indication that the area is not stabilised. This fact supports the need for a comprehensive 
exploration of all the mediating mechanisms brought into play between production systems, clients 
and users. 
There is an ongoing discussion within building research about who the "users" are in construction. 
Many highlight both the different actors in the construction process and the various actors who 
maintain and use the completed building as potential users. This broad user definition can find its 
explanation in that the building is composed of many processes that turn the architect into a user of 
the building materials manufacturer’s products in the design process, the craftsman into a user of 
materials and tools in the execution phase and the end-user into a user of the home (Forman et al. 
2011). 
As early as 1993, Slaughter (1993) published her study on user innovation among contractors pointing 
out that contractors were good at innovating in connection with implementation of building 
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components in the construction process and that a special feature was the solutions provided for the 
integration of diverse components into a unified whole. At the same time she showed that the 
innovative solutions that manufacturers chose to include in their product solutions were confined to 
their own product and not the interfaces between the products. Slaughter wrote that: ”User-builders 
created most of the innovations in this study; They draw upon their extensive construction experience 
to create new elements which they then employ. This reservoir of past learning appears to provide 
opportunities for these users to create innovations which are both inexpensive and rapidly deployed. 
In addition, these innovations explicitly address problems associated with integrating disparate 
components into a well-functioning whole unit. In contrast, the innovations commercialized by panel 
manufacturers only change the product and not its connections to other building components.” 
(Slaughter, 1993, p 81-82). Slaughter concluded at the time that the building materials manufacturers 
had the understanding that there was only a very small market for interface innovations. They had a 
tendency to perceive the interface innovations between different components as specialised 
applications or customer orders, rather than seeing them as new product development opportunities. 
This result therefore supports the view of Gann et al. (1998) that building materials manufacturers’ 
innovation is bound to the individual component. The question is whether it still applies. 
4. Case 
The following case study focuses on the Danish energy regulation as driver for innovation by a 
building materials manufacturer. First the Danish Building Code is described in terms of energy 
requirements. Developments resulted in a change from descriptive regulation to performance-based 
regulation. Then a description of the importance of a major building materials manufacturer’s 
innovation process follows.  Finally, it is described how the changes contribute to creating and 
stabilising a new role for the building materials manufacturers in construction. 
4.1 Energy regulation and construction in Denmark 
Development in energy regulations in the Danish Building Code can be divided into three strategies, 
each of which represents a shift in perspective on the relationships between energy and construction. 
A fourth strategy is visible and involved in the description, since it already exists as a plan and idea 
for the future relationship between construction and energy, and therefore already serves as driver for 
innovation among the actors in the construction. The four strategies are based on an understanding of 
a building as: 1) a building composed of elements with a focus on heat loss, 2) a building that consists 
of building components and interfaces between building components with a focus on heat loss and 
line loss, 3) a building as a product with a focus on building energy performance, and 4) a building as 
part of an energy system focusing on the building's interaction with the energy system. The four 
strategies are described in the following. 
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4.1.1 A building composed of elements with a focus on heat loss  
The first Danish Building Code came in 1961 and prior to this regulation of energy did not play a big 
role (Møller et al., 2011). In the first Building Code, there was a requirement to the U-value of the 
building parts. "The U-value is the amount of heat loss in watts by m2 of the element at a temperature 
difference of 1 kelvin (or degree Celsius). U-value, the unit W/mm2 K” (Aggerholm et al. 2007 p. 11)  
(authors’ translation). These requirements for U-values reflected good general practice in newer 
buildings at the time. With the oil / energy crisis in the 1970s focus on energy increased and in 1977 
the requirements to U-values increased with the intention of driving the market (Møller et al. 2011). 
In addition to requirements that were directly relevant for manufacturers, in this period requirements 
were also introduced that were directed at other players in building. In 1982, a requirement was 
introduced regarding the insulation thickness and how large window areas may be in a building 
(Jensen et al., 2007), which is likely to have played a special role for architects and consultants in 
connection with design and engineering processes. In 1997, an energy label was introduced and an 
energy consultancy scheme for small and large buildings that affect the market for buildings. In spite 
of criticism, the Danish energy label served as a model for the European energy label, which replaced 
the two schemes in 2007 (Jensen et al., 2007). 
4.1.2 A building that consists of building components and interfaces between 
building components with a focus on heat loss and line loss 
In 2001, in addition to requirements to U-values a requirement for line loss was introduced to prevent 
thermal bridges at specific building components. "Line loss is heat loss through 1 m of the element 
and measured in w / m K" (Aggerholm et al. 2007 p. 11 (authors’ translation). This meant that the 
focus of the Building Code changed from focusing solely on the requirements for the individual 
building elements to dealing with interfaces between building elements, for example doors and 
windows. 
4.1.3 A building as a product with a focus on building energy performance 
In 2006, the Danish Building Code (BR06) introduced a new requirement to the energy performance 
of buildings based on energy frames, which represents a shift from descriptive regulation to 
performance-based regulation. The use of energy frames as the main requirements of new 
construction was a result of the EU Directive on Energy Performance of Buildings (Aggerholm et al. 
2007.) 
Aggerholm et al. states: "Energy requirements for new construction are based on the energy frames 
that cover the building's overall need for additional energy for heating, hot water, cooling, 
ventilation, and lighting are avoided…." (Aggerholm et al. 2007 p.11) (authors’ translation). 
And further: 
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"When calculating the energy requirement takes into account the building envelope, building location 
and orientation, including daylight and outdoor climate, heating and hot water, building heat 
accumulating properties, possibly ventilation and climate cooling, solar and solar shading, natural 
ventilation and the designed indoor climate. In determining the energy requirements may also be 
taken into account e.g. the use of solar thermal, photovoltaics, heat pumps, condensing boilers, 
district heating, use of heat recovery and cooling with ventilation at night." (Aggerholm et al. 2007 
p.12) (authors’ translation). 
The total change in BR06 was: 
• That an energy calculation has to be provided together with the application for a building 
permit, 
• That new buildings comply with an energy frame provision, 
• That specific energy requirements to extensions and larger renovations/refurbishments are 
complied with, 
• That requirements to the tightness of new buildings are complied with, 
• That low energy buildings are classified in two classes, 
• That new buildings have to be energy labelled before they are taken into use (Aggerholm et 
al., 2007 p.10). 
These requirements are further strengthened in the subsequent changes in the Building Code, most 
recently with the latest in 2010. 
4.1.4 Building as part of an energy system focusing on the building's interaction with 
the energy system (future) 
The images that characterise tomorrow's ideas and plans for a causal relationship between buildings 
and energy is based on the concept of a smart grid. Buildings are seen in this perspective as part of an 
energy system, where buildings are not only energy consuming, but also energy-producing and 
additional buildings have an active role as flexible units in which energy can be used flexibly and 
stored. One challenge by using renewable energy etc. is to find solutions to the coupling between 
energy production and the consumption of energy, because energy is produced when the conditions 
are present such as wind, solar and also difficult to store, which means that it is optimal to consume 
energy when it is produced. Key solutions in future ideas and plans are flexible and intelligent 
solutions based on decentralised buffer systems/storage devices and intelligent control of consumption 
so that the consumer that only has to take place within a time interval, puts stress on the energy 
system when it is most appropriate for the energy system (www.kemin.dk). 
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4.2 Examples of innovation by a Danish building materials manufacturer   
Rockwool A/S is a major supplier of materials to the building sector. The company develops, 
produces and sells insulation products and forms part of the Rockwool Group, which operates 
globally. Rockwool A/S has its own product-development departments as well as marketing 
departments. Sales are made through dealers. Due to the shift towards performance-based regulation 
in the Danish Building Code in 2006 Rockwool focused among other things on the classification of 
low-energy building and the requirement to the tightness of new buildings. Just before the 
implementation of the new requirements in the regulation, Rockwool collaborated with an architect 
and a standard-house manufacturer to develop a low-energy-house to demonstrate how it could be 
done. They also developed an airtightness programme consisting of different products that can be 
used in the building process to ensure tightness of a building. The tightness programme was 
developed to meet the new requirements in BR06. 
In 2007, an employee at Rockwool Denmark built a low-energy house for his family. As the 
employee began to focus on tightness and energy in his building project, the product manager at 
Rockwool saw a possibility for testing the tightness programme in practice. Furthermore Rockwool 
saw in the employee's project an opportunity for getting into contact with the users in a new and 
closer way. By following the project at Rockwool's homepage and describing the process as an 
ongoing story, they could give some practical instructions concerning the problems that occur when 
you build and have to integrate considerations of energy performance. This was new for many actors 
and the homepage received widespread attention. The central actors in the building process were the 
employees, the suppliers and craftsmen. The employees chose all the suppliers and craftsmen. 
Concerning Rockwool's development of the homepage, the product manager and employees from the 
marketing division participated. The product manager was responsible for coordinating the product 
aspects concerning the homepage, including contact to the suppliers, while the employees from the 
marketing division were responsible for the rest. At the time of the case study, low-energy buildings 
were not very common in Denmark. However, to ensure an overview of the complex concept, each of 
the suppliers was asked to write informatively about the specific problem area at which their product 
was targeted and the solutions provided by the products. By giving the suppliers space on the 
homepage, the actor network became visible. By linking the homepages you also link information, 
and the user needs linked information in a complex system, as a guided way of finding his way 
around the homepages. As the project was connected with Rockwool, a challenge emerged concerning 
Rockwool's relations with suppliers in general and how Rockwool could avoid favouring some over 
others. Rockwool cooperates with many suppliers and usually does not favour one supplier over 
others. To prevent favouring specific suppliers, the communication of the case has stressed that the 
selection of suppliers is made by the employee, not Rockwool. At that time Rockwool didn’t clarify 
how this dilemma could  be solved in the future about on one hand the wish to participate in projects 
with other suppliers and on the other hand to treat all suppliers the same. Later Rockwool prepared a 
list of suppliers whose products met the requirements for low-energy houses. They have limited the 
list to windows, ventilation, heat-systems and Installations for pre-heating / cooling of the fresh air 
through soil. Rockwool have developed the list in cooperation with an engineering firm, and suppliers 
can contact Rockwool if they want to be included at the list. The purpose of the list is to facilitate the 
development of low-energy and passive houses (www.Rockwool.dk) 
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4.3 Towards a new role for building materials manufacturers in the 
construction project/innovation  
There are three aspects that will be highlighted here. Firstly, Rockwool developed a new marketing 
method in which the testing of new products, development of new technical building solutions and 
promotion of the products are integrated processes that take place in a public space on Rockwool's 
homepage. This new marketing method required a new openness from the company and a redefinition 
of the kind of experience that it is possible to share with the market. Second, the development of new 
types of supplier alliances through the development and publication of a "vendor list" at the Rockwool 
site changed the notion that all suppliers must be "free and independent". Thirdly, Rockwool’s 
product was incorporated in a concept of low-energy houses. The virtual network that links products, 
information and suppliers can shape the frame for concepts of low-energy houses. It makes it possible 
not only for the professional construction actors, but also clients and users to relate to the whole and 
to the individual components. This can be perceived as a new type of service to support the building 
process. 
5. Conclusion 
Existing analyses of correlations between performance-based regulation and innovation in the 
construction project is usually based on project-based companies and focus on how requirements for 
innovation and new types of products and services can be sent upstream in the supply chain. This 
paper suggests that performance-based regulation to a great extent influences the building materials 
manufacturers' innovation and they develop new types of services and products in relation to all types 
of innovation (component, process, configuration and system). This innovation is important for the 
construction project both in terms of design, engineering and construction, and the relationships and 
division of labour between suppliers and the traditional project-based companies (architects, 
consultants and contractors). To understand the relationship between regulation and innovation in the 
construction project, and identifying new ways to promote energy innovation in construction, it is not 
sufficient to examine the project-based companies’ opportunities for innovation, including how they 
can reclaim the chain, but it is equally important to examine the building materials manufactures' 
capacity for innovation and how this innovation affects the chain, i.e. a symmetrical analysis. This is 
no less relevant given the challenges that building faces with regard to energy development where the 
future boundary appears at the system level, requiring the integration of products and services at the 
system level with even more players and complex problems to be solved and a growing need for 
packaged product and service deliveries to the users of buildings. 
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